Abstract This paper proposes a new sensor circuit using a 32 nm carbon nanotube FET (CNFET) technology for artificial skin. For future robotic and prosthetic applications, it is essential to develop a robust and low power artificial skin for detecting the environment through touch. Therefore, a sensor circuit for the artificial skin also has to be developed to detect the sensor signals and convert them into digital bits. The artificial skin sensor is based on a mesh of sensors consisting of a nxn matrix using CNFET, and the sensor outputs are connected to a current monitoring circuit proposed as the sensor circuit. The proposed sensor provides pressure measurements and shape information about pressure distribution.
1. Introduction † Objects in our daily life can be picked up or moved using tough sensing. Also, the characteristics of the objects like shape and roughness is able to be detected by the sense of touch [1] . Sensing of touch is an important technique for robots of next generation, but little progress has been made, compared with other sensing techniques such as sensing of voice and sight for robots [2] since the sensing of touch is more difficulty than other sensing techniques. This is mainly because it is not easy to discover materials for the artificial skin sensor [1] . The materials for artificial skin are required not only to be low power semiconductor device but also to have flexibility characteristic to †This research was supported by the Daegu University Research Grant, 2012. 1) Professor, Department of Electronic Engineering, Daegu University, South Korea, (e-mail: ybkim@daegu.ac.kr) 2) Assistant Professor, Department of Electronic Engineering, Daegu University, South Korea, (e-mail: kkkim@daegu.ac.kr: Corresponding author) fit for any shape [3] . Recently, some artificial skins have been deployed in many sensor applications such as temperature sensor and light sensor.
However, the most proper application for artificial skin is combining with robots since we are in an era of robots: robots can not only move heavy objects but also do surgical operations. If the robot can feel the weight or pressure of the objects, it will be much easier for the robot to complete the tasks without breaking or dropping the objects.
Previous attempts to implement the artificial skin have depended on organic materials due to their flexibility and easy fabrication. However, the problem is that most organic materials are poor semiconductors; it means electronic devices made by the materials require high operating supply voltages.
Carbon nanotube FET (hereafter called CNFET) devices are one of the promising in-organic materials in the future. As technology scales down to 90nm and below, the bulk CMOS technology has approached the scaling limit due to the increased short-channel effects, increased leakage power dissipation, severe process variations, high power density and so on. The characteristic of the PSR is that when the material is exposed to pressure, the conductance will be changed due to the shortened tunneling path between the conductive carbon nano-particles <Fig. 3> Drain current of a 32nm N-type CNFET as a function of Gate-to-source voltage for different back-gate voltage, where the (n,m) of the CNFET is (17,0), the number of nanotubes of the CNFET is 2, the width of the MOSFET is 64nm, and temperature is 25°C.
<Fig. 4> Different skin sensing Mechanism <Fig. 5> Skin sensor circuit structure embedded in the rubber. Therefore, in circuit simulations, the PSR is modeled as a resistor with variable resistance value. While the skin sensor is exposed to pressure, the P-type CNFET transistor is turned on, and then resistance value of each PSR is decided depending on the pressure. When the skin sensor is touched, the row-selection and column-selection blocks will precisely select P-type CNFET transistors on the location where the resistance value of PSR is changed, then the selected transistors will be turned on, and current will flow through the PSR. By differentiating the current value from each pixel, the location of the pressure is detected in a main control system.
3. Sensing Circuit for the artificial skin 
Simulation Results
The skin sensor circuit shown in Fig. 3 with n=12 is simulated using CNFET using 32nm
technology. The current value at each transistor is measured when the pressure presents. Then, the current value at each pixel (transistor) is imported to MATLAB which displays the image representing the pressure point of the skin sensor. As shown in Table 1 , the huge current difference is generated by the pressure value of the skin sensor. 
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As shown in Fig. 7 , when a pixel on a skin sensor is pressed, the P-type CNFET is turned on, and the amount of current flowing through PSR is determined according to the pressure value. The higher pressure is applied, the higher current at each pixel flows. <Fig. 9> Matlab simulation result using proposed skin sensor circuit using CNFET (a)
<Fig. 10> Matlab simulation results for (a) vibration sensing and (b) stretch sensing using proposed skin sensor circuit in CNFET
The CNFET skin sensor circuit is both implemented in 32nm technology with the same channel length (32nm) and transistor width (64nm).
As shown in Table 2 Table   2 show that CNFET skin sensor can be applied in the sub-threshold region to achieve ultra-low power consumption while keeping high speed. Fig. 9 shows the Matlab simulation results using proposed skin sensor circuit. As shown in Fig. 9 , the sensitivity of the skin sensor detecting the pressure is improved compared with the results shown in Fig. 8 (b) due to the leakage current reduction. Fig. 10 demonstrates the vibration sensing and stretch sensing using the skin sensor. For Fig. 10 (a), assuming the vibration source is at point P, the current status of the skin sensor has been captured at a certain time during the vibration. As it is shown in Fig. 10 (a) , the highest current presents at the vibration point P, which means P suffers from the highest pressure. The vibration force reduces from the center to the boarder side of the skin sensor. Therefore, pixels located far away from the center P suffer less pressure, hence less currend has been generated. Fig. 10 (b) shows that the skin sensor is under stretch. The stretch forces are applied on the left and right boarders. Therefore, these two boarders suffer the highest pressure while less pressure is observed toward the center of the skin sensor.
Conclusions
In this paper, we propose a sensor circuit for the skin sensor using CNFET at 32nm technology. The 
